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1.0 INTRODUCTION

This report describes the results of an Air Force program to
develop an Air Cushion Crash Rescue Vehicle (ACCRV) conducted, under con-
tract FY1456-85-02073. This contract included three phases of study; Con-
cept Design, described in the Phase 1 R&D Design Evaluation Report, No.
7646-927001 (Ref. 1), a preliminary vehicle design described in Phase II
Preliminary Design Report, No. 7646-927003 (Ref. 9), and a third phase
effort, consisting of design and fabrication of a scaled Dynamic Model of
the ACCRV. The contract included a functional checkout of the dynamic
model, the results of which are included in this report (Section 11.3).

1.1 General

Current aircraft fire and rescue vehicles, including the P-
19, have limited capability to operate over rough and low strength ground
surfaces, especially soft, wet ground or marsh and snow, with no capability
for overwater operation. In a wartime environment, fire fighting and res-
cue will be further restricted because of craters, debris or unexploded

bombs.

Improved fire fighting and rescue vehicular mobility is
needed to increase the probability of successfully rescuing crew and pass-
engers. This requires a radical departure from current fire and rescue
vehicle designs. The successful operation of ACV's over austere surfaces,
including swamps and water, suggests this technology be used to develop an
air cushion augmented fire/rescue vehicle, and this is the basis for the
current effort. The air cushion crash rescue (ACCRV) vehicle is required
to perform a complete rescue from downed aircraft, by traversing a wide
variety of surfaces. It incorporates a triage compartment, a high boom for
access and a slide. Fire fighting equipment similar to the P-19 is also
carried on the vehicle, but it can function as a rescue vehicle as well as

a fire truck.

In the concept study completed during the initial phase of
the program, Bell considered many variations of subsystems and components.
The ACCRV concept design employed major components of the most up-to-date
crash rescue trucks. It was similar in aspect to the P-19 'Rapid Interven-
tion Vehicle' design specifically for fire suppression but it was somewhat
larger, especially longer, had a more powerful engine, and incorporated an
air cushion system which could be immediately deployed to completely sup-
port the vehicle for off-runway or overwater operation, and a combined
overwater/overland drive consisting of four wheels and a small track system
to augment vehicle propulsion in snow and over water. Its predicted per-
formance met or exceeded all aspects of the requirements.

The PD configuration retained (Figures 1-1,1-2,and 1-3) most of
the concept design features with some minor changes and improvements such
as the track system. Figure 1-1 shows the ACCRV in the wheeled operating
mode and Figure 1-2 shows the vehicle in the air cushion deployed mode.
Figure 1-3 shows the inboard profile with major systems depicted. Major
systems of the ACCRV have been detailed in more depth for the PD, and a
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preliminary estimate of the vehicle's reliability and maintainability has
been generated. A rough order of magnitude (ROM) estimate of production
costs and schedules has also been prepared and is included in this report
with recommendations for study which may reduce the production cost.

1.2 Configuration Constraints

The requirements to provide the performance of existing fire
fighting vehicles including 65 mph roadway speed and 60% gradient capabil-
ity besides other attributes, all suggest a conventional wheeled design for
land mode. There is also a requirement for overwater operation with a wa-
ter performance approaching 20 mph in a sea state of 1. Although the water
performance requirement was subsequently reduced to less than 10 mph, the
combined land/water performance is best achieved with a paddle track con-
figuration (described in Section 5.3). This configuration is necessary for
generation of needed drawbar pull over soft soils or snow while operating
in the air cushion hybrid mode. The integration of the paddle track pack-
age within the vehicle envelope constraints is difficult, but this diffi-
culty was eased somewhat by locating the package inboard of the rear wheels
and powering the track from the rear wheel drive. Substantial reduction of
tire load in the hybrid mode {using the air cushion) permits operation at
much reduced tire footprint, hence providing increased traction and 1less
tire sinkage. The large tires required for fully wheeled support in an
off-road steep gradient situation are retained.

Vehicle gross weight is also a constraining factor as a
result of the air transportability requirement. This requirement 1limits
overall vehicle 1length, width and height, but it also forces a strong
consideration of weight in the selection of components and even basic
vehicle construction to meet the weight carrying capability of the trans-
porting aircraft (the C-130). For example, to minimize weight, the
selected ACCRV structure is fabricated from standard aluminum honeycomb
sandwich panel with sufficient strength and stiffness to support structural
loads. A second example is the use of fiber glass and carbon fiber in the
construction of the boom. Commercial off-the-shelf booms for this applica-
tion weigh considerably more (2500 1bs.) than the expected fiber glass unit
(approximately 1000 1bs.).

The third major subsystem configuration driver is the provi-
sion of an optimum, combined, all-surface land-water-marsh-mud-snow propul-
sion method. Air propulsion has usually been chosen for ACV's because air
propellers produce the same thrust over any surface. But in this case the
air propeller is not attractive because it is not practical for the propel-
ler disc to fit within the retracted head-on profile and provide adequate
thrust with reasonable power limitation. In any case the wheels must be
driven to achieve the required road performance. Thus a propulsion take-
off from the same drive is desirable and a method which provides satisfac-
tory water propulsion is required. Water propellers are a pre-eminent
candidate for water drive but must be retracted overland. This is feasible
but a major difficulty arises in transition to land, especially 1low CBR
(e.g., swamp ground): first the wheels must be well below the propelier
disc so that they can take over propelling while the propeller is still
submerged and clear of the bottom (similarly to amphibians such as the



Army's LARC-60); secondly, when cushionborne the propeller must be in the
water below the cushion skirts, so that a considerable wheel extension both
fore and aft must be provided or the transition from water to dry land must
be accomplished hullborne; and finally the propeller is a hindrance over
swampy ground, snow, etc.

These difficulties led to the rejection of the propeller in
favor of a co-axial paddle track between the rear wheels, driven with the
wheels at all times. The paddle track is used as a low speed water drive;
it contributes significantly to propulsion and flotation over very soft
ground, clay, marsh, mud and deep snow. The aft paddle track/tire combina-
tion is augmented by the front wheel drive in some terrain conditions.
This 1is a combination which comes close to providing as consistent a drive
over all surfaces as does the air propeller.

The three modes of vehicle operation are presented in Figure

1-4.
WHEN USED CONDITION
WHEELED o HIGH SPEED ON ROADS e LIFT SYSTEM STOWED
e STEEP GRADES & SIDESLOPES e ALL WEIGHT SUPPORTED ON (4) WHEELS
e OFF THE ROAD e 2 WHEEL/4 WHEEL DRIVE
FIRM SOIL e FRONT YHEEL STEERING
GRAVEL
SAND

e PUMP AND DRIVE
e FIREFIGHTING & RESCUE OPERATIONS

LIFT SYSTEM DEPLOYED

100% OF WT ON CUSHION

FRONT WHEELS RETRACTED

POWERED AND STEERED BY PADDLE TRACK

CUSHIONBORNE e OVER WATER
e PUMP AND STATIONKEEP
(FIREFIGHTING)

DISPLACEMENT o OVER WATER WHEN BOOM OPERATION CUSHION 1S DEPLOYED BUT OFF
IS REQUIRED (RESCUE) e SIDE PANELS DEPLOYED
e BOOM TRAVEL RESTRICTED TO +15°, -15°,
UNLESS OPTIONAL STABILITY BAGS ARE

HYBRID e MARGINAL TERRAIN
MARSH INFLATED
SNOW e LIFT SYSTEM DEPLOYED
RICE PADDY e UP TO 30% WT ON REAR WHEELS/TRACKS

REMAINDER ON CUSHION
o FRONT WHEELS RETRACTED
e PROPELLED BY PADDLE TRACKS
e STEERED BY PADDLE TRACKS

BOMB CRATERS

Figure 1-4. Modes of Operation



2.0 " VEHICLE CHARACTERISTICS

2.1 Vehicle Description

The ACCRV provides an improved fire fighting and rescue
vehicle unlike any now in the military inventory. It incorporates the
ability to conduct operations in adverse terrain and over water as well as
in snow, swamps and, of course, in more conventional environments on or
about airports. The integration of an air cushion system with a paddie
track propulsor and a conventional four wheel drive system provides this
versatility. The operational mode is selected by the vehicle operator as
required.

The ACCRV also incorporates a deployable rescue boom and a
triage bay with basic medical emergency equipment and supplies. This bay
is designed to carry three stretcher cases and one attendant. A 1list of
the emergency medical equipment available in the triage area is given in
Section 9.2.2

In addition to serving as a fully equipped ambulance the
ACCRV has all the firefighting capability of a P-19 fire truck. These
features, together with its all-terrain capability, make the ACCRV the most
advanced concept in rescue vehicle technology.

2.1.1 Instruments and Controls

Figure 2-1 1is an overall view of the instruments and con-
trols located in the cab. They may be functionally grouped as

a) Main and warning switches.

b} Running and driving instruments and controls.
c) Air cushion system controls and indicator.

d) Front axle control and indicator.

e) Paddle track control and indicator.

f) Firefighting instruments and controls.

g) Boom lock/unlock and indicator.

h) Aircraft loading switch,

These groups are discussed in more detail below.
a) Main and Warning Switches
The main switch panel, located in the center .of the

console, contains the engine starter and switches for parking lights, head
lights, and interior 1lights, windshield wiper/washers, comfort controls,

and windshield de-fogger/de-icers.
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The siren and flasher warning switches are within easy
reach of the driver at the upper left hand corner of his windshield. The
horn pad is in the center of the steering wheel.

b) Running and Driving Instruments and Controls

The running instrument panel is located to the left of
the main switch panel. It comprises a speedometer, tachometer, fuel level
indicator, engine oil pressure, engine and transmission temperature gages,
and a voltmeter. The hi/lo beam indicator and turn signal indicators are
positioned directly in front of the driver above the main switch panel.

Driving controls for the normal on-wheel mode are as
for a typical truck. The accelerator and brake pedals are operated by the
driver's right foot; the brake pedal being positioned between the steering
wheel column and the accelerator pedal. The park brake and brake release
are also in the normally accepted locations. The transmission selector and
the directional - hi/lo beam lever are mounted on the steering column in

the standard positions.

Transmission selection may be "automatic", reverse, or
any one of the five forward gears. "Automatic" is used for most driving
conditions. Low gear would be engaged for ascending steep grades or for
the "drive and pump" mode. Fifth gear would be engaged for maximum speed
over water with the paddle tracks deployed.

c) Air Cushion System Controls and Indicator

To deploy the air cushion, the driver must shift the
transmission into neutral as the end of the runway approaches.

The air cushion deploy/retract control lever is located
in the center of the console below the main switch panel. Movement of the
lever then deploys the skirt. When it is fully deployed an amber 1ight in-
dicates to the driver that the fan clutch may now be engaged. The panel
containing this lever is to the left of the air cushion control lever. En-
gagement of the fan clutch automatically disengages the power transmimssion
clutch in the power divider, and sets the engine governer to 2300 rpm. Re-
engagement of the power transmission clutch is achieved when the acceler-
ator pedal is depressed after positioning the transmission selector.

d) Front Axle Control! and Indicator

Raising and lowering the front axle is accomplished by
moving the lever located to the immediate right of the fan clutch control.
The front axle control lever can not be activated unless the air cushion
control lever is in its "deploy" position. A red warning light next to the
control Tlever indicates that the axle is in the raised position.

e) Firefighting Instruments and Controls
These instruments are contained in a panel on the
right-hand side of the console. They indicate water tank level, foam tank
level, pump pressure, air pressure, turret nozzle elevation/depression
angle, sweep angle and oscillation rate. Low level warning 1lights are
provided for the water and foam tanks.



The firefighting controls are situated below and to the
right of the instruments. These include the pump clutch lever, nozzle se-
lectors, water/foam selector, and dispersion selectors. Manual or automa-
tic control of the roof nozzle may be chosen by a two-position switch, and
if automatic control is selected the nozzle elevation/depression angle, the
sweep angle, and the oscillation rate may be dialed in. If the manual mode
is selected for the roof nozzle, then joystick control is achieved through
the nozzle lever to the far right. The bumper nozzle control lever is to
the immediate left of the roof nozzle control lever.

f) Boom Lock/Unlock and Indicator

The boom may be locked or unlocked from either the
triage area or from the cab. The lock/unlock switch/indicator lights in
the cab are located below and to the right of the roof nozzle joystick.

g) Aircraft Loading Switch

These on/off switch/indicator 1ights are on the center
panel below the main switch group. Activation of the load switch causes
the paddle track bogey cylinder to retract and to pivot the front of the
paddie track bogey beam upward. This provides the additional clearance
required for loading the vehicle on to a C-130 aircraft.

There are four additional control stations on the ACCRV.
One in the triage bay, and a duplicate on the boom platform, control the
boom motion and platform position. The platform mounted controls have
authority over those in the triage bay. A hose attachment and control
panel is located on the side of the vehicle above the left rear wheel. A
second structural control panel which parallels all hose attachment and
control functions is located at the rear of the vehicle. Details of these
are given in Section 9.1.5.

2.2 Leading Particulars and Dimensions

The summary of leading particulars included in this section
describe the physical and functional characteristics of the ACCRV shown in
Figures 1-1, 1-2 and 1-3. These are the products of analyses and designs
conducted during the Concept Definition and Preliminary Design phases of
the ACCRV program.

2.2.1 General

Weight Gross 30,877 1b.
Empty 19,412 1b.
Load Capacity Water 1,000 gal.
Agent 150 gal.
Fuel 75 gal. (diesel)
Crew 4
Passengers 4 (incl. 1 medical attendant, 3
patients on stretchers)
Dimensions Wheeled 407L x 110W x 105H
Hybrid 428L x 218W x 108H
Reducible 407L x 110W x 105H
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Wheelbase
Approach/Departure Angle
Turning Diameter

Air Transportability

2.2.2 Performance

Gross HP to Weight Ratio

Land (Wheeled)
Water (Cushionborne)
Marginal Terrain (Hybrid)
Gradability (Wheeled)

" (Hybrid)

i (Pump & Drive) (Wheeled)

2.2.3 Engine

Engine

Type

Bore

Stroke
Displacement
Compression Ratio
Fuel

Rated HP

Control

2.2.4 Power Train

Transmission

Ratios

Drop Box

Front Axle

Rear Axle

Transfer Case

202 in.

30 degrees

100 ft. (wall to wall)
C-130 (drive on, drive off)

49 (installed)

65 mph max.

50 _mph cruising

10 mph (SS-1) max.
Terrain Dependent
60% (Traction Limit)
5%

40% @ 1 mph

DD8VI2TA

2 cycle, 8 cylinder diesel,
turbo charged

4,84 inches

5.0 inches

736 cu. in.

17:1

DF1, DF2, JP5 to JP8
736 (80 degree Day)
Electronic with torque
shaping/1imiting option

Automatic Allison HT750 DR with
TC 499 Torque Converter

1st - 7.97:1 4th - 1.40:1
2nd - 3.19:1 5th - 1.00:1
3rd - 2.07:1 Rev - 4.47:1

1:1.08 ratio with drive to front

and rear axle; integral bidirec-
tional overrunning clutch.
Rockwell FDS 1600 single reduction

hypoid gear with differential lock;
5.57:1 reduction, integral king pin
and power assist arm.

Eaton 16121 series single speed
level gear with driver selected
Tockup differential, S lkiR)l
reduction.

Chain drive 1.57:1 reduction.



Power Divider

2.2.5 Suspension
Suspension

Front

Rear

Tires (4)
Service Brakes

Frame

2.2.6 Lift System

Lift System

Cushion Area

Cushion Pressure

Cushion Flow

Fan (2)

Fan Drive

2.2.7 Flotation System
Flotation System

Water, snow and soft surface
propulsion

2.2.8 Fire Fighting System

Water Tank

Agent Tank

Water Pump Rating

Discharge

Proportioning System

Multi disc oil cooled clutch with
modulator to engage the main power
transmission clutch.

Rigid Axle

Coil springs/damper, cross axle.
Tube over-bar axle, coil springs-
damper-adjustable load, extendable.
Tubular radial 17.5 R25

Internal shoe 17 x 5 in. hydraulic
with power assist.

Integral aluminum honeycomb con-
struction.

Single plenum, full depth finger
configuration with retractable side
panels.

420 sq.ft.

71.5 psf

980 cfs

Dual double-entry centrifugal.
Bevel gear splitter box with inte-
gral centrifugal clutch.

Optional 4 ft. dia. x 23 ft. long
inflatable spray skirt.

Dual paddle tracks directly coupled
to the rear vehicle wheels -

23.5" sprocket dia. x 20 in. wide.

1,000 gal. capacity integral, blad-
der 1lined.

150 gal. capacity integral, bladder
lined.

Single Stage Hale 60FJ4-U3000

990 gpm at 225 psi at 3000 rpm

500 gpm turret - manual

250 gpm bumper turret-automatic and
manual.

Hose reel, 95 gpm nozzle, 100 ft.
hose.

Around-the-pump type



Structural Connections (1) 4-1/2 in. and (1) 2-1/2 in.
sections.
(2) 2-1/2 in. discharge
(1) 2-1/2 in. tank fill
(2) 2-1/2 in. emergency tank fill
Pump Drive Direct flywheel PTO
Fire Extinguishers (2) Size 2, per MIL-E-24091B
(1) 17 1b. HALON 1211 2A.60 BC
(1) 15 1b. HALON 1211 10 BC
Winterization (1) Diesel fueled booster heater
with distribution system.

2.2.9 Rescue

Boom/Platform 3 man capacity
42 ft. max. reach
Stide Inflatable
Triage Area 3 1injured personnel plus 1 atten-

dant. Standard complement of medi-
cal equipment/supplies.
Auxiliary Equipment Tool Kit FSN-4210-00-900-8557

2.3 Operational Scenarios

The scenario desacribed in this section has been selected to
encompass all ACCRV operational modes. The series of events depicted
represents a highly unlikely situation, but is chosen to demonstrate the
actions required by the crew members under various conditions.

It 1is assumed that the crash site is a shallow lake a few
miles off the end of the runway. A mud flat 1ies between the runway and
the lake. The ACCRV is parked on a hard surface, with access to the runway
by way of a paved road.

On hearing the :dlarm signal, the four crew-members and one
medical attendant proceed to the vehicle. The driver, the medical atten-
dant, and one crew member enter through the left cab door, ‘and take their
places in the first two seats and in the triage area. Meanwhile the other
two crew members take the two right seats, having entered through the right
cab door. Access to the triage area is through the forward triage door on
the left. A fold-down seat is. provided for the attendant. Al1l members
buckle seat belts and the driver engages the-engine start switch with the
transmission selector in neutral. The engine will start automatically.
The driver increases the engine speed to a little above- idle by 1lightly
depressing the accelerator pedal, checks the instruments, and moves the
transmission selector to "automatic". Lights, windshield wipers, defogger,
cab heater or air conditioner, are turned on as required. The parking
brake is released and the vehicle is driven first to, then down the runway
at the fastest safe speed. Oriving in this mode is exactly the same as
driving a truck with automatic transmission.

The driver will shift the transmission into neutral, as the
end of the runway approaches. Air cushion deployment 1is activated by a
lever located 1in the center of the driver's control panel. The following
actions are automatically sequenced when the lever is operated. First,
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the side panels are rotated by 4 hydraulic actuators on each side of the
craft. Then electric motor driven winches at the front, back and on each
side of the vehicle slide the finger-restraining cables to release the
fingers from their stowed positions. When the cushion deployment procedure
has been completed an amber light indicates that the driver may now engage
the fans. This is achieved by moving a lever on a second panel (see Figure
2-1) that hydraulically activates the fan clutch. This action also causes
the power transmission clutch in the power divider to be disengaged, and to
automatically set the engine governed speed to 2300 rpm. The driver se-
lects a gear, re-engages the main power transmission clutch by depressing
the accelerator pedal and proceeds. If the selector is in "automatic", the
transmission will sequentially progress through the gears as required.
Paddle track deployment is achieved by activation of a separate air cushion
deployment lever. This Tlever starts the sequence that first hydraulically
retracts the bogey cylinder, then charges the deployment actuator with
air. The paddle track may be deployed with the vehicle stationary or mov-
ing in first gear.

On reaching the lake, the driver has the option of retract-
ing the front axle by moving a lever on the control panel. This directs
hydraulic fluid to the retraction mechanism. A red warning light is dis-
played when the axle is in the retracted position.

The vehicle proceeds across the lake with differential track
braking being used for steering. This mode of steering is automatically
engaged when the paddle track is deployed. The driver simply steers as he
would on land, but steering wheel rotation is now used to brake the:tracks
differentially.

On reaching the crash site, and seeing that the aircraft is
on fire, the crew member to the right of the driver engages the water pump
clutch. He assesses the fire hazard and selects which nozzle or nozzles
should be employed. He also decides on joystick or automatic control if
the turret nozzle is selected, and also on the discharge pattern and osci-
lation rate.

The driver, realizing that the rescue boom must be deployed
to reach the crash victims, disengages the fan clutch, thereby putting the
craft in the floating mode and unlocks the boom. The crew member to the
driver's left enters the triage area through the access door to his left
rear, from where he can operate the boom controls. As the driver turns the
craft so that its bow points to within +/- 20 degrees of the desired boom
direction, the crew member in the triage area climbs onto the boom platform
through a trap door and using the rail-mounted controls extends the boom to
reach the crash victims. They are transferred to the triage bay where the
medical attendant supplies first aid as necessary. The boom is stowed by
operation of the triage area control panel, ' and the fire-fighting nozzles
are deactivated.

The driver engages the fan clutch to bring the craft back
on-cushion, and with the transmission in fifth gear heads back across the
lake. On reaching the end of the runway the driver must make the decision
whether to convert to the basic wheeled mode, or to remain in the hybrid
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mode. In either case the front axle will be Towered, if retracted, and the
paddle tracks will be stowed. From the point of view of finger wear it is
preferable to convert to the basic wheeled mode (air cushion stowed); in a
medical emergency the driver would not jeopardize the patient's life by
slowing the vehicle to stow the 1ift system.

2.4 Mass Properties Analysis
2.4.1 Introduction

To meet the ACCRV operational land and water performance re-
quirements, vehicle weight, c.g. location, and moments have been carefully
controlled. This has been factored into all subsystem selection and loca-
tion trade-offs, along with the placement of variable loads (passengers,
fuel, water, and aqueous foam).

2.4.2 Mass Properties Analysis

A comprehensive mass properties analysis of the ACCRV preli-
minary design was conducted for various operating conditions between empty
and gross weight. Weights, center-of-gravity location and vehicle moments
of inertia were estimated using drawing analyses and information residence
in a Bell data base acquired on previous air cushion vehicle hardware, and
vehicle study programs.

The current empty weight of the ACCRV is 19,412 1bs. Addi-
tion of 4 crewmembers (680 1bs.), 4 passengers (680 1bs.), 100% fuel load
(585 1bs.), water (8330 1bs.) and aqueous foam (1250 1bs.) to the empty ve-
hicle weight results in a loaded weight of 30,877 pounds. Note there is a
third condition, which is the flight condition. This weight (21,867 1bs.)
does not include the passengers (680 1bs.) or the water, because it is an-
ticipated that passengers and water would not be transported by the C-130,
at least not in this vehicle, so this weight should not be included in the
weight statement. Complete mass properties estimates for the empty, fully
loaded, and flight condition ACCRV are summarized in Figure 2.4-1. Based
on previous experience on similar programs at Bell, a weight control margin
of 3% of the ACCRV empty weight is included in the weight statements. This
margin compensates for weight uncertainties inherent in a preliminary de-
sign phase.

Eighteen operating weight conditions were examined with var-
ious expenditures of on-board disposable loads such as fuel, water, aqueous
foam and varying the number of passengers. Figure 2.4-2 1ists the cases
analyzed and shows the summarized results. These data were used to develop
an operating longitudinal c.g. envelope of possible vehicle configurations.
Varying disposable 1loads causes a maximum dispersion of the veritcal
center-of-gravity (c.g.) position of 9.5 inches. Lateral c.g. location
variance is small, the maximum difference being 1.9 inch. The maximum var-
iation 1in the longitudinal position is 6.4 inches. Weight estimates for
the fully loaded condition are based on layout analysis (17.0% of weight),
procurement sources (19.9%), customer data and equipment lists (35.9%),
empirical analysis (4.8%), performance analysis requirements (1.7%) and
statistical methods (20.7%).
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3.0 CHASSIS STRUCTURAL ANALYSIS

3.1 Introduction

A NASTRAN finite element computer model was developed for
the ACCRV chassis stress analysis. The finite element model fully repre-
sents the main load bearing structure consisting of an aluminum honeycomb
sandwich panel, selected for minimum weight, outer shell and its internal
bulkheads. Concentrated 1loads representing major subsystems such as
engine, transmission, suspension, etc., are applied at their points of
attachment. Static fluid pressure loads were applied as required to simu-
late water, fuel and agent tank loadings. The remaining vehicle weight is
distributed by adjusting the finite element densities representing the
vehicle structure. The complete NASTRAN model of the ACCRV structural
frame shown in Figure 3.0-1 has 3786 degrees of freedom, with 804 elements

and 631 grid points.

Three Tloading conditions representing the most demanding
operating conditions to which the vehicle would be subjected during its
lifetime have been investigated. The largest stresses occur under critical
hull torsion-bending and vertical impacts. The maximum stress for these
cases result in positive margins of safety; they are conservative in that
they represent concentrated suspension loads which will be distributed over
a larger area by the suspension support brackets. Stresses in areas
removed from the concentrated suspension loads are well within acceptable
1imits for the sandwich material.

The following sections, 3.2 Structural Description, and 3.3
Structural Design Criteria, have been updated from the Phase I Report,
Reference 1.

3.2 Structural Description

To minimize weight the selected ACCRV structure 1is built
from a standard off-the-shelf 5052 aluminum honeycomb sandwich panel with
sufficient strength and stiffness to support structural loads.
Construction is similar to that used by Hexcel on a Honeycomb trailer which
resulted in a 28% weight savings over a conventional trailer of identical
dimensions, Reference 2. Mechanical property data for the sandwich panel
are given 1in Figure 3.0-2 as taken from Reference 3 and used on portable
structures, stages, and shelters. The ACCRV structural panels are
assembled using various standard extruded shapes specifically designed to
join and close-out the edges. The extrusions are bonded to the sandwich
panels by a high performance room temperature cure epoxy adhesive. A
typical fabrication using the honeycomb sandwich and joining extrusions is
shown in Figure 3.0-3. The possibility of using aluminum planking and com-
posite materials in fabrication of the ACCRV structure will be investigated
during Full Scale Development (FSD).

The ACCRV structural‘arrangement is displayed in Figure 3.0-
4. This design makes maximum utilization of load carrying structure by
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PROPERTY TEST TEST VALUE
Thickness 1.004 inch
Panel Measurements Weight 0.92 psf
Flatwise Compressive 2 R.T. Ultimate Stress 330 psi
ASTM C 365 3 x 3 Proportional Limit 333 psi
Modulus 163 ksi
Beam Flexure 20" Span Ultimate Load 286 1bs
2" L x 24" W Proportional Limit 252 1bs
ASTM C 393 Deflection per 10 1bs 0.012 inch
2" Wx 24" L Ultimate Load 297 1bs
) Proportional Limit 199 1bs
Deflection per 10 1lbs 0.014 inch
Edgewise Compressive @ R.T. Maximum Load 2523 1bs
2" Wx 4" L Maximum Facing Stress 31500 psi
ASTM C 364
2" L x 4" W Maximum Load 2383 1bs
Maximum Facing Stress 29800 psi
Edgewise Flexural Ultimate Load 822 1bs
2" Wx 12" L 8" Span Proportional Limit 400 1bs
Deflection per 10 1bs .0005 inch
2" L x 12" W Ultimate Load 780 1bs
Proportional Limit 367 1bs
Deflection per 10 1bs .0005 inch
Thermal Expansion After 2 hrs. @ 120°F + .0186"
4" W x 30" L After Cooling 2 hrs.
@ R.T. + .0008"

Figure 3.0-2. Mechanical Property Data 5052 Aluminum Honeycomb Sandwich
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also using the structure for fuel, water and agent tank walls. In
addition, the vehicle side walls serve as end closures for the fans. The
boom turntable mounts on a panel which receives support on four sides, thus
providing for adequate support and load distribution.

Two forward and two aft integral towing/tie-down fittings
are provided for securing the vehicle during shipment or towing when
disabled. They are positioned adjacent to lateral and longitudinal bulk-
heads to minimize eccentricity of the towing/tie-down loads. The ACCRV also
has internal gussets, bulkheads, floors, fittings and stiffeners which
complete the vehicle structure. These items accept the concentrated loads
from the engine, transmission, suspension, etc., and distribute them to the
primary structure.

3.3 Structural Design Criteria

Structural design criteria establish the gquidelines for
critical loading conditions, safety factors, etc., and are the foundation
of structural analysis. The selected criteria cover all conditions that
could be encountered in the vehicle operational spectrum including emer-
gency conditions. A factor of safety is then applied to these loads to
ensure that the vehicle structure does not fail under the derived design
loads.

3.3.1 Operational Spectrum

The ACCRV shall have the capability of operating on
pavement, adverse terrain and water.

A. Pavement

For highway operations the air cushion mechanism is
stowed and the ACCRV operates 1ike a conventional truck. Vehicle top speed
is 65 mph on level ground.

B. Adverse Terrain and Water

In adverse terrain the vehicle operates with air cush-
ion augmentation, where the track and wheels support up to 30% of the vehi-
cle weight. Adverse terrain is defined as any off road surface such as
marsh or sojl; any soil or unprepared surface having a CBR of 3.0-.or high-
er; any swamp with or without water; rough terrain, and deep snow and/or
ice covered surfaces. Vehicle operation in sheltered bodies of fresh water
is limited to sea-state 1 with waves of 1.0 foot maximum height. On level
soft surfaces and water .with the air cushion deployed, an operating speed
of 10 mph shall be used. ' On. rough terrain. the vehicle shall be capable of
traversing surface irregularities-rup to +/- 12.0 inches, and 5% side
slopes.

3.3.2 General Criteria
The applied loads presented in this section are the maximum

loads expected in the operational life of the ACCRV. Under applied 1loads
(1imit) the structure shall not deform elastically or plastically to inter-
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fere with operation of the vehicle or require frequent replacement or
repair. The 1imiting stress under applied loads corresponds to the 0.2
percent offset yield strength of the material. In addition, all applied
Toads are multiplied by a safety factor to obtain design loads (ultimate).
The safety factor is generally 1.5. Special factors are used where
necessary. The structure shall not fail under design Toads.

Design Load = Applied Load x Safety Factor

Bell developed the selected criteria based on contract
specifications, contractor experience, government publications such as the
automotive series handbooks and MIL-Handbook/specs and standard textbooks.
Structural computer codes are used to determine internal loads in Section

3.4.
3.3.3 Chassis Design Conditions

The critical design conditions for the chassis are shown in
Figures 3.0-5 and 3.0-6. With these parameters and the vehicle weight
distribution the shear, moment and torsion along the vehicle 1length are
obtained by computer code. Data are also shown for rotational and transla-
tional accelerations which are used to determine local load factors for
chassis mounted equipment.

The maximum externally applied loads for normal operation
over highway and secondary unpaved roads, without air cushion augmentation,
are shown in Figure 3.0-5.

In adverse terrain, the vehicle is mainly supported by an
air cushion with the wheels (tires and tracks) supporting only sufficient
weight to provide tractive effort and directional control. Maximum exter-
nally applied loads for adverse terrain operation are listed in Figure 3.0-

Operation over water is limited to sea-state 1 where wave
heights are no greater than 12.0 inches trough to trough. Water impact
Toads on the hull are expected to be insignificant so the landborne design
conditions will govern the design. In hullborne operations the chassis and
appendages must resist the associated hydrostatic pressures.

3.3.4 Crash Load Factors

Based upon Voyageur and LACV-30 ACV criteria, seat installa-
tions and the structural attachments for all items of equipment, failure of
which could result in hazard to personnel or crew, shall be designed to
withstand loads resulting from the following ultimate inertia load factors,
applied separately.

Downward 4.0 Upward 3.0
Forward 6.0 Aft 3.0
Laterally +/- 3.0
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Crash load factors shall in no way preclude the need for
compliance with 1load factors derived from operational design conditions
shown in Figures 3.0-5 and 3.0-6.

3.3.5 Skirt Loads

Skirt

The air cushion skirt shall be structurally capable of
maintaining a cushion pressure 1.5 times the maximum dynamic operating
pressure (Pmax) at a minimum payload and speed.
1.5 Ppax

2.25 Ppyy

Applied Pressure

Design Pressure
Skirt Attachments
Design Pressure = 3.0 Ppay
3.3.6 Wheel Loads
Based upon criteria in the automotive handbook series maxi-
mum established wheel loads encountered under dynamic loading conditions
are given below. See Figure 3.0-7 for wheel 1load nomenclature. These

conditions cover sloped terrain, obstacle impact, braking and uneven
terrain operations.

Maximum Wheel Loads

Design
Condition Applied Wheel Load
Fig. 3.0-5 7o S 1,0 W
F. =0.50 W
y
Fig. 3.0-6 F, = 1.0 W
F_ = 0.50 W

X

where W Vehicle Design Weight = 30,000 1b

2.0 Times Applied Loads

Design Loads
3.3.7 Miscellaneous Criteria
Vehicle Design Gross Weight, W = 30,000 1b
Design Tow Loads: Maximum Apex Angle of Towing

Bridle Equal to 60 Deg
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0.50' W

Each Tow Fitting, F,

Fy

(Tow loads are based upon Bell's LVT(X) design criteria.
The LVT(X) 1is an armored amphibious personnel carrier
designed under a US Navy contract.)

0.25 W

Paddle Track Loads - TBD (Model Tests)
3.4 NASTRAN Finite Element Model

To ensure basic structural integrity of the ACCRV structure
and maintain suitable 1imits on deflections and stress, a stress analysis
was conducted using the NASTRAN general purpose finite element program. A
detailed model of the load bearing structure and frame including internal
bulkheads, was created on the Bell computer aided design system from
assembly drawings stored within that system. Several distinct models were
developed and then merged to create the entire structure. Openings for
doors, windows, engine, transmission and fan access panels were accounted
for in the model. Figures 3.0-1 and 3.0-8 present details of the ACCRV
structural model. The completed finite element model has 3786 degrees of
freedom, with 804 elements and 631 grid points.

The vehicle weight distribution was determined by using
effective element densities which account for the structure and small
distributed masses, concentrated loads and applied pressures. The sum of
the products of element volume and effective density yielded the weight of
the structure and small distributed masses. To this were added, at appro-
priate grid points, concentrated weights representing all other subsystems
(i.e., engine, transmission, crew, passengers, suspension and boom. The
subsystem concentrated weights were assigned to grid points which are on or
very near the actual mounting structure for the subsystem under considera-
tion. Static fluid pressure loads were applied as required to simulate
water, fuel and agent tank loadings. The resulting model had a gross
vehicle weight of 30,502 1b.

A total of three critical loading cases were analyzed based
upon the structural design criteria developed in Section 3.3. They repre-
sent the most demanding operating conditions to which the vehicle would be
subjected during its lifetime. Dynamic suspension loads were represented
by an equivalent static load as presented in Section 3.3. The operational
conditions considered were the following:

0 LOADING CONDITION 1: SUSPENSION SYSTEM LOADS

A 2 "g" vertical acceleration is applied to the model
suspension system at gross vehicle weight. The load is
applied to the hull by rigid elements representing the
vehicle suspension system.

31






. LOADING CONDITION 2: CRITICAL HULL TORSION/BENDING

The model is subjected to a 1 "g" vertical impact on
one front tire in the gross vehicle weight condition to
create a critical hull torsion-bending situation.

= LOADING CONDITION 3: HANDLING LOADS

A 2 "g" force was applied to the front tow fittings
located on both sides of the cab.

For each loading case the deflection patterns, distortion,
stress levels and stress gradients were examined. In general overall
chassis stress levels are very low and distortions in critical regions like
doors and windows are minimal. The largest stresses are presented in
Figures 3.0-9 and 3.0-10, for the three critical 1loading conditions
considered. In all cases these stresses occur at points of concentrated
load application such as tow fittings and suspension attachments. During
the detail design phase these local stresses will be lowered by designing
suspension and tow fitting attachments to distribute the induced loads over
a larger area. In chassis structure away from concentrated loads, stress
levels peaked at 9,000 psi and were generally less than 4,000 psi. This
corresponds to test results obtained by Hexcel on the similarly constructed
trailer at the Trailmobile Test Center in Cincinnatti, Ohio, Reference 2.
In this case the only flexing noted during a standard test sequence
(including braking, sharp turns, jack knifing, 8 inch ramp and 6 inch block
tests) was in the suspension springs, with only a few chassis strain gases
recording any stress. This high rigidity indicated by the trailer tests
and ACCRV analysis is attributed to a "unibody" design that distributes
loads throughout the structure as opposed to a typical frame and non-
structural shell.

A summary of ultimate margins of safety is presented in
Figure 3.0-11. As indicated all margins of safety are positive with high
margins 1in all areas away from points of applied concentrated 1loads. An
examination of relative chassis deflections indicates no problems due to
vehicle flexing which would cause window cracks, fuel tank Tleaks, agent
tank leaks or separation of door seals.
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LOADING
CONDITION

PEAK
STRESS

(PSI)

2 "g" Vertical
Acceleration

Critical Chassis
Torsion-Bending

Handling (Towing)

17,460

8,900
19,360
4,200
7,873
4,000

Figure 3.0-11. ACCRV Margins of Safety

LOCATION

Rear Suspension
Attachment Point

Chassis EL #844
Rear Wheel Well
Chassis EL #1040

Front Cab at Tow Fitting

Chassis EL #846
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0.18

1.32
0.07
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4.0 AIR CUSHION SUBSYSTEM

The air cushion (or 1ift) system is formed of a peripheral
array of open fingers defining an air cusion 28.67 ft. 1long x 15.0 ft.
wide. At 30,000 1bs. weight, the cushion pressure is 71.5 psf. Two 24
inch diameter 1ift fans supply 900 cfs airflow when running at 3400 rpm.
This airflow provides an effective air gap of 0.92 in.; the resulting gap-
to-beam ratio of 0.005 is characteristic of rough surface, moderate speed
ACVs. The air cushion subsystem is shown in Figure 4.0-1.

4.1 Skirts and Deployment/Retraction

The ACCRV skirt type selected is the open full depth finger
as shown in Figure 4.1-1. The knuckle shaped finger was chosen because it
provides the most cushion area for a given structural overhang. A 43
degree angle between the lower finger face and the ground plane provides
sufficient static pitch and roll stiffness without the use of cushion
divider seals. Finger attachment will be by batten strips bolted to the
chassis (front and rear) and to the hinged side panels. Full depth fingers
are relatively simple to manufacture, although six separate patterns are
required for the front, rear, corners, sides, front wheel area, and transi-
tion fingers. A1l fingers are approximately 20 inches wide at the outer
face. Small air Tubrication holes may have to be cut in the lower face of
the fingers to augment the heave stability. The fingers will be made
without holes initially; holes will be cut on the prototype vehicle as
required. Although this will increase the finger wear rate overland, it is
a practical solution to the heave instability, should it actually occur.
A second method would be to employ a system for actively controlling the
heave, if required. This would be more complex and more expensive.

Due to the (relatively) small size of the fingers and the
low cushion pressure of the ACCRV, the material strength requirements are
very low (5 1b/inch face tension for example). Finger material selection
in this case can be made more on the basis of wear resistance (thickness of
rubber outer layers), or price and availability. Skirt material with
weights in the 40-45 oz/yd range is appropriate for the ACCRV.

A spray suppression skirt will also be used, extending all
around the cushion perimeter and from the upper finger attachment down to
the on-cushion water line. It will be a single thickness sheet made 1in
sections. It will attach to the ACCRV with battens and will have a 1ight
chain sewn into the hem-pocket all around the bottom edge to stabilize the
skirt. (The spray skirt can be an optional inflatable buoyancy bag on each

side, if required.)

Skirt deployment/retraction involves two processes; one is
the rotation of the full Tength side panel as shown in Figure 4.1.1 and the
second is the operation of the cable/winch system restraining the fingers
as shown in Figure 4.1-2. The side panels are driven by four hydraulic
actuators on each side; the winches at the front, back, and each side are
driven by electric motors. The spray skirt is stowed flat against the re-
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SKIRT —

SPRAY SUPPRESSION

FINGERS

Figure 4.0-1. ACCRYV Air Cushion Subsystem
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Figure 4.1-1. Side Finger Stowage
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tracted fingers using elastic tie down straps which are stretched and
hooked into position automatically.

Skirt effects on heave stability, pitch and roll stiffness
overland, and drag overwater versus speed, have been discussed previously
in R&D Design Evaluation Report No. 7646-927001. In that report the ACCRV
was found to be unstable in heave, but addition of stabilizing air holes in
the 1lower face of the fingers will precliude any heave instability. The
selected finger design was also shown to have adequate pitch and roll
stiffness to provide sufficient dynamic stability while underway.

4.2 Air Cushion Fans and Cushion Powering

The 1ift fan selected for the ACCRV is a 24 inch diameter
double-width, double inlet, backward curved airfoil centrifugal fan. It is
aerodynamically and mechanically similar to the 30 inch diameter Bell type
Al fan used in the Bell-Halter BH-48 Hydrographic Survey Boat "Rodolf".
See Figure 4.2-1.

The fan impeller is of all aluminum welded construction,
comprised of machined center disk and outer shrouds, and extruded symmetric
ajrfoil blades. Steel shafts are bolted to either side of the center disk
and run in bearings partially submerged in the inlets to minimize installed
width. The single discharge volute housing is also of welded aluminum con-
struction. Two of these fans are used on the ACCRV, mounted on each side
above and to the rear of the rear tires.

Based on the 1ift system requirements, the nominal fan de-
sign point for each fan is 90 psf and 450 cfs running at 3400 rpm. To
maintain the cushion pressure during transmission shifts, the minimum fan
speed of 2750 rpm must be maintained at an engine speed of 1617 rpm after
each upshift. This gives a gear ratio of 1:1.7. This results in the fan
operating over a range of rpm from 2750 to 3910 as the engine rpm varies
from 1620 to 2300. The horsepower required by the two fans varies from 105
hp at 2750 rpm to 230 hp at 3400 rpm, and to 360 hp at 3910 rpm.

Curves of pressure, flow, and horsepower for various fan rpm
js called a fan map. Fan maps are calculated from the fan dimensions and
non-dimensional coefficients for pressure and flow, and the efficiency, as
follows;

_ 2
Q = onl,B,U, (2)
PSQ
where Ps = fan static pressure - psf
e = fan static pressure coefficient
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P = air density - slug/cu.ft.

U, = tip speed - ft./sec. = D rpm/60
Q = volume flow rate - cu.ft./sec

¢ = flow coefficient

D, = impeller outside diameter - ft.

B, = blade span at D - ft.

HP = horsepower

ng = static efficiency

Figure 4.2-2 shows the map of pressure and horsepower curves
versus flow for the 24 inch diameter fan selected for the ACCRV.

Fan power is taken from the front of the engine crankshaft
through a clutch, shaft with couplings, to a step-up "T" gearbox. The
clutch is a centrifugal Sprague type which allows the fan to freewheel when
engine speed drops suddenly, thus preventing large torsional transients in
the fan drive during the transmission shift sequence.

4.3 Feed System Losses

The air cushion feed system is comprised of the fan inlet
duct and the fans themselves, and the discharge ducts to the cushion.
Pressure losses arise from friction, turns (bends), and expansion or con-
traction of the airflow. Pressure losses were calculated based on Ref. 4
for the friction loss, Ref. 5 and 6 for the bend Toss, and on Refs. 4 and 7
for the expansion/contraction Toss.

The calculated losses are listed in Table 4-1. Each term
shown is the loss (or rise) in pressure for a nominal 900 cu.ft./sec air-
flow. It was assumed that both the inner and outer sections of each double
width fan suffered the inlet Tosses shown. The feed system loss is repre-
sented in Figure 4.2-2 by the difference in the Ppyy and PcusHioN curves.

4.4 Ride Quality Assessment

The ride quality of the ACCRV while operating on land will be
better than the P-19 because although many of the suspension components are
simular to those used in the P-19, the component characteristics will be
tuned or adjusted to achieve better ride quality, even when off-cushion.
For operation overwater, the primary consideration in ride quality as-
sessment is the vertical (heave) vibration environment in occupied areas.
The response of the ACV when riding over water waves is compared to vi-
bration criteria for various durations and types of situations, i.e.,
resting, working, emergency, etc.

The heave frequency and damping ratio of the ACCRV were cal-
culated first. Then the response of the craft was computed going over 1
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foot waves at several speeds. These vibration levels were then compared to
previously established criteria.

TABLE 4.1 LIFT SYSTEM SUMMARY OF PRESSURE LOSSES AT DESIGN FLOW

TYPE OF LOSS AP (psf)
10% Entry Loss at Rear Inlet 3.13
Inlet Duct Friction 2.51
Inlet Duct Expansion 1.59
90 degree Turn Into Inlet of Fan 5.92
Expansion in Fan Discharge 3.14
Friction in Fan Discharge 0.77
70 degree Turn into Cushion 5.15

TOTAL 22.21
Pressure Recovery in Fan Discharge 5.29

TOTAL 16.92

Heave frequency is given by Ref. 5, Eqn. 107;

SPg
1 C
fn T 2r h w (4)
where f, = heave frequency Hz ACCRV Value
S = cushion area, sq.ft. 420
P. = cushion pressure, psf 71.5
g = acceleration of gravity, ft./sq.sec. 32.2
h = cushion depth, ft. 2.67
w = weight, 1b. 30,000
_ _3.47 _
fn = = rad/sec = 0.553 Hz

Magnification ratios have been measured for small models and
indicate an average damping ratio, o , of 0.15.
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The effective wave amplitude is given by Eqn. 104, Ref. 5;

Fo= | — 22— (5)

For L = 28.67 feet (length at craft fingers), and the wavelength, A, for 1
foot waves = 21 feet , so that

Ly _ | _sin (4.2890) | _ -
F(3) = 47890 = 0.2126 for L/x = 1.365

The wave encounter frequency, W, at 8 mph is given by

2n (V. + V)
W _2n (11.73 + 8.5) _ § 05 rad/sec (6)

W S A B 21.0
where V = ACCRV speed in ft/sec
Vw = Wave crest speed in ft/sec

This results 1in a freguency ratio, WM., of 6.05/(0.553 x 27) = 1.741,
indicating that the 8 mph wave encounter frequency is above the natural
frequency in heave. The magnification factor, M,is given by:

M= (7)

]

Substituting W/W, = 1.741 and = 0.15 from above, M = 0.4768. Thus, the
hull response will be (1 ft) x (0.2126) x (0.4768) = 0.101 ft. For harmonic
motion the acceleration will be

0.05113 (inch pk-pk)(cps?)
(0.05113)(0.1011 x 12) (‘éig‘“) (8) g
0.0577 g

a

This value is midway between the 24 hour and 4 hour curves for "Fatigue De-
creased Proficiency" at 1.8 Hz on Figure 96 of Ref. 8, i.e., this vibration
level is acceptable for 10 hours or so without loss of proficiency.
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Although the ACCRV ride is quite acceptable at 8 mph in 1 ft
waves, the ride will be less comfortable at the slower speed at which the
wave encounter frequency matches the heave frequency.

Vet oy = 342D 55231 ft/sec (9)

At resonance with damping = (.15, the magnification factor will be 1/[2(0.15))
= 3.33. The heave response will be (1 ft)(0.2126)(3.33) = 0.708 ft, and the
acceleration is;

a = 0.05113(0.708)(12)(0.553)2 = 0.133 g.
On Figure 96, Ref. 8 this g-level will produce sea-sickness in 10% of the
people on board if exposed to this condition for 4 hours. It seems unlike-

1y that the ACCRV would need to be operated at this low speed for anything
more than a few minutes at a time.

The ride quality of the ACCRV will be quite acceptable for
long periods at speeds of 8 mph and further improve at speeds of 10 mph.
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5.0 PROPULSION

The Bell ACCRV design integrates the benefits of wheeled-ve-
hicle operation on improved roadways, runways and hard ground and the best
type of tracked-vehicle performance in extreme soft-soil conditions. Pro-
viding an improved soft ground performance follows the approach of reducing
external rolling resistance by reducing sinkage of the running gear, while
maintaining an adequate level of positive drawbar pull.

Two modes of operation are incorporated: wheelborne and hy-
brid. For surfaces such as roads and firm ground, the ACCRV will not usu-
ally need its air cushion capability and the skirts and paddletracks will
be retracted. Hybrid operations will be conducted over water and soft sur-
faces, such as marsh, mud, soft sand, and deep powdered snow with the air
cushion deployed and the paddletracks providing the propulsive effort.

5.1 Wheelborne

The ACCRV design retains the proven concepts of existing
crash rescue vehicles (particularly the P-19). Thus, for operation on
highways, roads or natural, hard surfaces, the ACCRV propulsion is much the
same as any conventional, all-wheel drive vehicle. Calculating the perfor-
mance of the vehicle as an all-wheel drive vehicle on hard surfaces is
quite readily derived from considerations of weight, engine power, gear
ratios, running gear geometry and resisting forces.

5.2 Hybrid

In the hybrid mode of operation, a significant proportion of
the ACCRV weight is carried by the 1ift of its air cushion, and the vehicle
is propelled by the thrust of its propulsion unit. The propulsion unit is
either tires or a hydraulically actuated paddletrack system, located on the
trailing arm-rear axle sub-assembly, and powered, via a hydraulic clutch
and chain, by a drive from the differential subassembly.

On water and marginal terrain, the plenum chamber, confined
by the flexible skirt around the perimeter of the vehicle, will provide the
buoyancy necessary for surface travel. For vehicle propulsion over soft
soil, the air cushion is deployed to reduce the vehicle footprint and the
paddletrack is used as a means of augmenting the propulsive forces devel-
oped by the tires.

5.2.1 Paddletrack

The paddletrack unit, selected in a trade-off study, is com-
prised of two tracks, 20 inches wide with 60 inches ground contact length.
They are accommodated in a trailing arm arrangement, in the under-chassis
space bounded by the differential and the rear axle, in-board of the rear
wheels. Either aluminum or rubber tracks can be used in the paddletrack
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configuration. Each material type has advantages and disadvantages.
Paddletrack drive 1is accomplished, via a hydraulic clutch and a drive
sprocket located on the rear axle. Intermediate, beam mounted idler
wheels, or rollers, are placed between the main driving and idler sprockets
to improve the 1load distribution on the ground. Vehicle mobility is
further enhanced by the use of a track tensioner, 1located on the forward
idler, to reduce motion resistance, caused by track caternary sinkage, on
marginal terrain. The possibility of relocating the paddletracks to the
middle of the vehicle nearer the C.G., with hydrostatic drive, will be
investigated in FSD.

For normal wheelborne operations, the tracks will be de-
clutched and retracted. Whenever the vehicle goes into a hybrid mode of
operation the paddletrack is deployed, as illustrated in Figures 5.2.1-1
and 5.2.1-2.

The procedure to deploy the paddletrack is as follows: the
bogey cylinder (c) is retracted hydraulically; actuator (A) is then charged
with air; this action deploys the track assembly, which pivots about (b).

Retraction of the assembly, associated with a vehicle wheel-
borne mode, is essentially the reverse of the deployment process. Actuator
(A) is relieved, causing the assembly to retract, while pivoting about (B).
Cylinder (C) is then actuated which causes the pivoting of the front of the
bogey beam downwards, about (D). The assembly continues to be retracted
vertically until contact is made with snubber (E). The entire assembly
then pivots about the differential (F) until the track is parallel to the
ground surface, creating a 9.3 inch running clearance when wheelborne. Re-
traction ceases with the activation of a limit sensor in the hydraulic sys-
tem associated with actuator (A).

To facilitate loading into a C-130 airplane, the track must
be further manipulated to achieve ramp clearance. The vehicle would al-
ready be 1in the wheelborne mode. A1l that is necessary 1is to retract
cylinder (C) to pivot the front of the bogey beam upward about (D).

5.2.2 Performance Over Water

Various types of propulsors were considered for over water
propulsion, but 1in order to make a smooth transition to soft surfaces the
selection settled on paddletracks as providing the best performance choice
within the packaging constraints.

Analysis shows that two 20 inch wide paddletracks, powered
by 280 HP will develop sufficient thrust to attain a craft speed of 10 mph
over water. The upper 1imit of thrust was derived using the Momentum Equa-
tion, shown by Rankine (1865) and Saunders (1957) to hold for a non-venti-
lating propulsor. Ventilation effects, common in paddlewheels, are mini-
mized over the length of the paddle track. 1i.e. the fluid entrainment rate
is sufficient to completely replenish the depression.

A cleat depth of 3 inches was found to be sufficient to meet
vehicle requirements, at the given track speed {Figure 5.2.2-2). The con-
sequent paddletrack thrust, superimposed on the ACCRV drag curves is pre-
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sented in Figure 5.2.2-2.
5.2.3. Performance On Land In Wheeled and Hybrid Mode

The air cushion assist will provide improved performance
over very soft surfaces such as marsh, mud, loose soft sand and deep pow-
dered snow. The criterion for hybrid operation is wheel sinkage. The
wheels will sink further into a soft surface when the load is increased.
This 1increased load will increase traction but the deeper sinkage will re-
sult in greater resistance to motion. On certain soft surfaces the resis-
tance will increase faster than the tractive effort and at a particular
load, resistance will exceed traction and forward motion will not be

possible.

For a typical tire, as load is increased, it is necessary to
increase the pressure such that the tire footprint (on a hard surface) is
maintained approximately constant. This is mandated by the manufacturers
to prevent carcass slipping on the rim or being damaged by excessive de-
flection. Some increase may be permitted at low pressure and very Tlow
speed, but essentially the tractive effort (friction and shear) tends to be
proportional to this fixed footprint area. Thus, the only way to improve
soft surface wheeled propulsion is to increase the total footprint area (by
having larger wheels or more wheels) until the vehicle can be sustained on
the given soft surface with acceptably low sinkage.

The wheeled tractive effort can be made more effective on a
given soft surface by using the air cushion to support an appropriate pro-
portion of the weight and a low wheel load to avoid excessive sinkage and
wheel resistance. The air cushion offers no significant resistance to for-
ward motion.

The ACCRV concept combines air cushion performance with that
of a tracked vehicle to overcome extreme soft-soil conditions. In hybrid
mode the wheel/paddletrack is deployed until sufficient tractive force is
developed for vehicle motion. Motion resistance is reduced by retracting
the forward wheels, and is an optional feature to be investigated during
FSD.

Predicted ACCRV performance on soil with an estimated Cali-
fornia Bearing Ratio (CBR) of 3 is presented in Figures 5.2.2-3 and
5.2.2-4. The analysis was conducted using the properties of a fine grain
(clay) soil and a coarse grain (sandy) soil. The former (cohesive soil
type) does not exhibit significant frictional resistance to shear stress
but derives its strength primarily from cohesion. Whereas the latter is a
frictional-type soil.

The maximum speed of the vehicle over level ground (CBR=3),
in hybrid mode, was found to be 15 mph. This speed would reduce to 7 mph
on a 5% forward grade. The vehicle will have a turn capability on such
terrain, given adequate turn radii and appropriate turn speeds.

Figure 5.2.2-5 presents the predicted vehicle performance in

snow with front wheels retracted. The maximum speed of the ACCRV was found
to be 9 mph on a level surface, reducing to 5 mph on a 5% forward grade.
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The vehicle will have a turn capability only at large turn radii. Skidding
will 1imit the turn capability, rather than the available tractive force at
the outer track.

5.2.3.1 Performance on Land with Air Cushion Augmentation Versus Wheels

As part of the effort to establish the ACCRV mobility when
the vehicle is operated in the hybrid mode, some additional analysis was
performed for inclusion in the final report. This additional analysis is
intended to illustrate the advantages of the air cushion assisted vehicle
when traveling over ground profiles which include various types of craters
and other BDR profiles, as compared to operation in a wheeled only vehicle
over the same ground profiles.

5.2.3.1.2 Discussion of the Analytical Model for Vehicle Suspension

An analytical model was developed to accurately represent
the ACCRV suspension dynamic characteristics for the purpose of predicting
the dynamic response of the vehicle. The model is a useful tool for eval-
uating the sensitivity of the suspension response to variations in suspen-
sion parameters.

The ACCRV model is programmed in a modified verison of the
Bell generated Vehicle Dynamics (VEHDYN) code. This code can be used to
predict: static stability characteristics of a vehicle; dynamic stability
characteristics of a vehicle; ride quality; and dynamic loads and clear-
ances. Modeling capabilities feature a wide range of vehicle suspension
confiqgurations and key suspension parameters: multiple axles; suspended or
rigid axles; individual axle suspension or up to ten articulated suspension
units with multiple axles on each unit; rigid or flexible wheels lumped
point contact wheel models, or finite element wheel models for the flexible
wheel case; unsprung or spring wheel/suspension mass dynamics; and at arbi-
trary rough ground profiles with large elevation or grade angles.

The time domain computational routine for the analytical
model utilizes a numerical integration of the three degree of freedom dif-
ferential equations of motion to simulate the vehicle dynamic response to a
ground input. Longitudinal Tloads are determined from computed roiling
resistance (the rigid body is assumed to have a constant velocity in the
direction of motion). Total vertical load and pitching moment terms are
determined from the spring/damper models of the wheel and suspension
units. A segmented wheel model is used to compute the average tire com-
pression for the finite element wheel mode. Separate equations of motion
account for the wheel mass dynamics in the spring wheel mass dynamics mode.

Program inputs include the vehicle rigid body characteris-
tics; wheel/suspension characteristics; articulated suspension unit charac-
teristics, if needed; terrain profiles; and program controls.

Available program outputs include: printed time history
data, statistical analysis, and automated time history Versatec plots. The
printed time history data consists of the three degree of freedom system
parameters outputted at every desired time step. A statistical analysis of
user selected variables can be performed. Optional, computer generated,
time history plots of key system parameters is available.
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A general flow chart of the program is shown in Figure
5.2.3.1.

The cushion was modeled as a set of additional spring/damper
systems in parallel with the vehicle suspension elements. Coefficients
were introduced into the equations of motion so as to duplicate the pre-
dicted air cushion characteristics.
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